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We report the isolation and purification of synhibin, a new M, 68000 protein, which inhibits synexin. 
Synexin mediates Ca’+-dependent chromaffin granule aggregation and fusion, processes perhaps 
important during exocytosis. Our data indicate that synhibin action involves competition with synexin for 
a site on the chromaffin granule membrane involved in membrane contact. Synhibin may thus be an 
important intracellular regulator of synexin action during secretion. 
Synhibin Synexin Calcium Chromaffin granule Membrane aggregation 
Fusion Exocytosis 
1. INTRODUCTION site on the chromaffin granule membrane involved 
with the aggregation event. 
Synexin is a widely distributed calcium-binding 
protein [l] which induces chromaffin granules to 
aggregate [2] and fuse [3-51 into large l-10~m 
diameter sacs. These sacs are similar to structures 
observed in secreting chromaffin cells [3], leading 
us to suggest hat synexin might be responsible for 
mediating Ca’+-dependent membrane contact and 
fusion during compound exocytosis in these cells 
[6]. The fact that synexin binding sites are also on 
plasma membranes of chromaffin cells [6], has 
lead us to conclude that synexin could also mediate 
simple exocytosis as well. 
2. MATERIALS AND METHODS 
2.1. Preparation of chromaffin granules 
Chromaffin granules were prepared from bovine 
adrenal medulla either by the method of differen- 
tial centrifugation in 0.3 M sucrose [6,7], or by 
equilibrium banding on a metrizamide step gra- 
dient [B]. 
2.2. Preparation and assay of synexin 
Cells can control synexin activity in principle, by 
varying the intracellular calcium concentration. 
However, we did look for other factors, and have 
now isolated and purified a new protein from 
bovine liver which inhibits synexin activity. This 
Mr 68000 protein, called ‘synhibin’, is only one of 
several specific proteins which bind to liver mem- 
branes in the presence of calcium, but can be solu- 
bilized from the membranes by extraction in 
EGTA. Kinetic analysis of the purified protein 
indicates that the mechanism of synhibin action 
may involve direct competition with synexin for a 
Synexin was prepared from bovine liver exactly 
as described for preparation of adrenal medullary 
synexin [l], up to the stage of column chromato- 
graphy on AcA 34, where it was -90% pure. 
Synexin activity was measured by mixing synexin 
for 10 s with 1 mM Ca2+ in sucrose-histidine buf- 
fer, (pH 6.0) and then adding chromaffin granules 
to a pre-determined absorbance at 540 nm of 0.3. 
The increase in the A540 was followed and activity 
quantitated as the fractional increase of the initial 
absorbance after 6. To quantitate the effects of in- 
hibitors, activity was determined as the % of the 
maximum possible change in absorbance. The lat- 
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ter value was estimated from a complete titration 
of synexin concentration at a saturating Ca2+ con- 
centration (1 mM). 
2.3. Purification of synhibin 
Synhibin was prepared by first perfusing 1 kg of 
fresh bovine liver with 1 1 of ice cold sucrose-histi- 
dine buffer (300 mM and 40 mM, respectively) 
(pH 6.0) containing 1 mM PMSF and 2.5 mM 
EGTA. The residual iquid was then expressed and 
0.5 kg of the tissue homogenized in a Waring 
blender at top speed for 30 s with 1 1 of ice cold 
10 mM Hepes-NaOH buffer (pH 7.5) containing 
2 mM CaC12. The homogenate was then passed 
over 4 layers of cheese cloth and centrifuged in a 
GSA rotor at 13000 rev./min for 30 min on a 
Sorvall preparative centrifuge. The supernatant 
was decanted and the process repeated until the 
A280 of the supernatant remained low and un- 
changed. The pellet was then resuspended in 
150 ml 10 mM Hepes-NaOH buffer (pH 7.5) con- 
taining 5 mM EGTA, allowed to sit on ice for 
15 min and centrifuged on the GSA rotor as be- 
fore. The supernatant solution was then collected 
and centrifuged at 35000 rev./min (100000 x g) 
for 1 h in the 35 rotor on a Beckman L2-65B ultra- 
centrifuge to remove membranes. The supernatant 
was then adjusted to 50% ammonium sulfate by 
addition of 29.1 g ammonium sulfate/100 ml and 
allowed to sit at 4°C overnight. The next day the 
solution was centrifuged on the SS34 rotor of the 
Sorvall Centrifuge at 20000 rev./min for 30 min. 
The supernatant was then adjusted to 80% am- 
monium sulfate by addition of 19.4 g ammonium 
sulfate/100 ml, and after 1 h centrifuged as for the 
initial 50% sulfate fraction. This pellet (fraction P) 
was dissolved in 10 ml 10 mM Hepes-NaOH buf- 
fer (pH 7.5) and dialyzed overnight against 3 
changes of 4 1 of the same buffer. Finally, after 
clarification by centrifugation at 20000 rev./min 
for 30 min as above, aliquots of the sample were 
applied to 4 ml of DEAE-Sephacel equilibrated 
with 10 mM Hepes-NaOH, pH 7.5 at 22°C. The 
column was washed with buffer until the A280 had 
become low and constant, and the protein was then 
eluted with 0.2 M NaCl in buffer. The eluted pro- 
tein, containing synhibin, was then dialyzed over- 
night against 4 1 of starting buffer, reapplied to the 
column and the column developed with a linear 
gradient of O-O.3 M NaCl in buffer in a 40 ml 
202 
total vol. at 22°C. Fractions of 1 ml were collec- 
ted, pooled and concentrated where appropriate. 
3. RESULTS 
3.1. Characterization of the initial EGTA extract 
Synexin is readily prepared from liver; therefore, 
we utilized this tissue as a possible source of other 
proteins that could control synexin activity. Bovine 
liver tissue was repeatedly homogenized and wash- 
ed in a Ca2+ -containing buffer, as in section 2.3, 
and then extracted in 5 mM EGTA. This EGTA ex- 
tract (lane E) was found to contain at least 3 clearly 
unique proteins when compared either to the 
EGTA-extracted membranes (lane M) or the last 
wash of the membranes in Ca2+-buffer (lane W) by 
SDS gel electrophoresis (fig. 1). These special 
bands were found at i&values corresponding to 
21500, 33000 and 68000 marked * in fig. 1. 
This extract was found to contain a number of 
activities including authentic synexin, a factor 
which we later realized was a non-synexin Ca2+- 
dependent chromaffin granule aggregating activi- 
ty, and a factor which inhibited synexin-induced 
chromaffin granule aggregation. We were particu- 
larly interested in the synexin inhibiting activity, 
which proved to be heat labile (1OO’C for 2 min) 
and non-dialyzable. However, considering the 
several competing activities in the crude extract, we 
declined to attempt to quantitate aggregation or 
synexin inhibition at this stage of purification. 
3.2. Ammonium sulfate fractionation of the 
EG TA extract 
To separate these activities, we fractionated the 
crude extract with a systematic series of am- 
monium sulfate precipitations. Synexin pre- 
cipitated at 20% ammonium sulfate as in [l] 
However, both the synexin inhibitory activity and 
a substantial amount of the Ca2+-dependent 
granule aggregating activity were found in a frac- 
tion that was soluble in 50% ammonium sulfate 
but insoluble in 80% ammonium sulfate. Thus this 
aggregating activity, although Ca’+-dependent ap- 
peared to be something other than authentic synex- 
in. By SDS gel electrophoresis, the M, 33000 and 
68000 bands remained prominent in this fraction 
(not shown). 
The kinetic characteristics of the synexin-inhibi- 
ting activity and of the non-synexin granule aggre- 
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Fig. 1. SDS gels showing proteins extracted with EGTA 
from Ca*+-washed membranes. The sample in lane M is 
membranes, washed in Ca*+-containing buffer and then 
extracted with EGTA. The sample in lane W is the 
soluble protein in the last wash of the membranes in 
Ca*+-containing buffer prior to EGTA extraction. The 
sample in lane E is the EGTA extract of the membranes. 
(*) Protein bands unique to the E extract in terms of 
mere presence compared to M or W. The protein content 
of each sample was determined by the Bradford protein 
assay using BSA as a standard [13] to be: M, 50pg; W, 
10 pg; E, 5Opg. Electrophoresis was performed on a 
7-l %/2-15% acrylamide gel gradient as in [ 141. Stan- 
dards were phosphorylase b (92), bovine serum albumin 
(68), ovalbumin (50), carbonic anhydrase (36), soybean 
trypsin inhibitor (21.5) and lysozyme (14.5) (Mr x 10m3). 
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Fig. 2. Granule aggregating and synexin-inhibiting 
activities in the crude ammonium sulfate fraction: (A) 
granules mixed with 12.9 pg pure synexin and allowed to 
aggregate as shown at 22°C; (B) 86 pg crude ammonium 
sulfate fraction, P, were added to granules as in (A). 
Aggregation was observed immediately. In a separate 
curvette, aggregation by fraction P was allowed to pro- 
cede for 3 min then 12.9 pg pure synexin was added and 
the resulting additional aggregation measured. 
gating activity in the ammonium sulfate fraction 
(P) are shown in fig. 2. In the upper tracing (fig. 
2A) pure, authentic synexin was added to a suspen- 
sion of chromaffin granules in the presence of 
1 mM CaC12, resulting in substantial aggregation. 
In the lower tracing (fig. 2B), the ammonium sul- 
fate fraction (P) was added to granules, resulting in 
a small amount of Ca*+-dependent granule ag- 
gregation. In a separate cuvette (fig. 2C), granules 
were allowed to aggregate in the presence of frac- 
tion P (as in curve B). After 3 min, authentic 
synexin (identical to the amount added in curve A) 
was added. It was readily apparent hat the level of 
aggregation after 6 min, as well as the initial aggre- 
gation rate of synexin was reduced by the presence 
of the fraction. However, quantitation of these 
activities in the presence of one another continued 
to present intrinsic analytic difficulties that could 
that could be solved only by the resolution of the 
two activities into separate fractions. 
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PURIFICATION OF SYNHIBIN BY DEAE CHROMATOGRAPHY 
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Fig. 3. Purification of synhibin by DEAE chromatography: 10 mg of the protein soluble in 50% ammonium sulfate 
but precipitated in 80% ammonium sulfate (fraction P) was applied to a column of 4 ml DEAE-Sephacel, washed and 
eluted in 0.2 M NaCl. The eluted protein was then reapplied to a similar column and developed with a O-O.3 M NaCl 
gradient as in section 2. Two main peaks of material absorbing at 280 nm were observed. Fractions (1 ml) were collected, 
dialyzed against 1 1 of 10 mM Hepes-NaOH buffer (pH 7.5) and assayed for inhibitory potency on synexin activity. 
Potency was defined as the volume of the fraction giving 50% inhibition of synexin activity. In the inset are slab gels 
of each sample between fractions 11 and 41, as well as a gel of the original sample, S. The M, 33000 protein was clearly 
resolved from the M, 68000 band, the latter appearing to coincide exactly with the inhibitory potency curve. The granule 
aggregating activity was not detected in any fraction nor in concentrated fractions containing synhibin. However, here 
we did not pool and concentrate these or other fractions in a concerted effort to find it. 
3.3. Purification of the inhibitor by DEAE solved from the non-synexin, granule aggregating 
chromatography activity by means of a O-O.3 M NaCl gradient in 
Following tests on different ion exchange chro- 10 mM Hepes-NaOH buffer (pH 7.5). The activity 
matography media, we succeeded in purifying the was coincident with a peak in the A280 profile and 
synexin inhibitory activity on DEAE-Sephacel. As with A4, 68000 polypeptide, as shown in the SDS 
shown in fig. 3 the inhibitory activity could be re- gel chromatogram inset in fig. 3. On this basis, we 
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have tentatively identified this protein as the syn- 
exin inhibitor and named it ‘synhibin’. Synhibin 
activity was quantitated by measuring the dilution 
of the fraction needed to inhibit an aliquot of 
authentic synexin activity by 50%. Bovine serum 
albumin, a conceivable contaminant, was inactive 
when tested at 100 pug/ml. 
3.4. Kinetic analysis of synhibin action 
During further experiments with synhibin, we 
noted that synhibin potency appeared elevated 
when synexin concentration in the assay system 
was reduced. It was thus possible that the mechan- 
ism of synhibin action might involve direct com- 
petition with synexin for a site on the membrane 
involved with the aggregation event. To test this 
hypothesis we carefully measured the inhibitory 
potency of increasing concentrations of synhibin in 
assays containing 62% (6.5 pg synexin/ml) and 
24% (3.2 pg synexin/ml) of maximal aggregating 
activity. Similar amounts of synhibin appeared to 
inhibit the lower concentrations of synexin more 
profoundly than they did the higher concentration 
Fig. 4. Dependence of syhibin potency on synexin con- 
centration. (A) Different amounts of purified synhibin 
were mixed with either 6.5 pg/ml or 3.2 pg/ml of syn- 
exin, and the fraction of the maximum possible activity 
observed in 6 min measured. Maximum activity (&o/6 
min) was estimated by constructing a complete titration 
curve with different synexin concentrations exactly as in 
[ 11. (B) A Dixon plot of the data in (A) was constructed 
and a straight line was fitted to each set of points by a 
least-squares analysis method. The upper curve 
(3.2pg/ml) had an r-value of 0.982, while the lower 
curve (6.5 rg/ml) had an r-value of 0.938. The l/100% 
point, 0.01, was a calculated constant as in (A). The 
vertical perpendicular projection of the intersection of 
the curves in the upper left hand quadrant was used to 
estimate a Ki for synhibin, -6 pg/ml or -88 nM. 
(fig. 4A). Analysis of these data by a Dixon plot 
(fig. 4B) showed that the mechanism of inhibition 
indeed appeared to be competitive. That is, the two 
curves intersected in the upper left hand quadrant 
nearly coincidently with the perpendicular projec- 
tion of the l/100% activity point. Using this 
analysis, the inhibition constant, Ki, could be 
estimated from the perpendicular projection of the 
intersection point of all 3 curves to be 6 ,ug syn- 
hibin/ml, or -88 nM. 
4. DISCUSSION 
This paper reports the isolation and purification 
of synhibin, a new protein which inhibits synexin- 
dependent chromaffin granule aggregation and 
subsequent fusion. The activity copurifies with a 
protein of Mr 68000, and this protein may possess 
the inhibitory activity. The strategy for initial iso- 
lation of synhibin, involving differential membrane 
affinity in the presence and absence of calcium, 
was based on the assumption that proteins so iso- 
lated might prove to be relevant to processes in- 
volving Ca2+ -membrane interactions. For exam- 
ple membrane-bound calmodulin has been isolated 
by Siekevitz’s group using EGTA elution [lo]. In 
another study with possibly more relevance to 
synhibin, Creutz [I l] has isolated a group of pro- 
teins, termed ‘chromobindins’, that reversibly bind 
to chromaffin granule membranes in the presence 
of calcium. One chromobindin is in the M, 70000 
size range. An M, 33 000 protein was isolated from 
Torpedo electric organ and other sources, in- 
cluding bovine liver, by a similar approach [12]. 
However, the possible relationships between these 
proteins and proteins in our preparation (see fig. 3) 
remain to be investigated. 
The mechanism of synhibin action appears to in- 
volve competitive inhibition of synexin for induc- 
tion of granule aggregation. It is important to 
appreciate, however, that the aggregation reaction 
mediated by synexin is complicated and apparently 
irreversible. The mechanistic significance of the 
characteristic Dixon plot must therefore be treated 
with caution. However, there is good evidence that 
synexin may be involved in exocytosis, and to the 
extent that this is true, it is reasonable to presume 
that endogenous regulators of synexin activity, 
such as synhibin, may also be important in con- 
trolling this process. 
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